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Description 
Technical Field 

5 [0001] This Invention is useful In the field of drugs. More specifically, the novel substituted heteroaromatlc ring de- 
rivatives of the invention are useful as therapeutic or prophylactic agents of various diseases of the respiratory, urinary 
and gastrointestinal systems. In particular, the compounds of the present invention do not affect other organs such as 
the brain and heart, although they exhibit potent bronchodilating and bladder contraction-suppressing actions. Hence 
they are useful as therapeuticor prophylactic agents of respiratory diseases such as asthma, chronic airway obstruction 

10 and pulmonary fibrosis, etc.; urinary diseases which induce such urination disorders as pollakiurea, urgency and urinary 
incontinence, etc.; and gastrointestinal diseases such as irritable bowel syndrome, spasm of gastrointestinal tract and 
gastrointestinal hyperklnesis. 

Background Art 

15 

[0002] Compounds having antagonism to muscarinic receptors are known to cause bronchodilation, gastrointestinal 
hypanakinesis, gastric hyposecretion, dry mouth : mydriasis, suppression of bladder contraction, hypohldrosis, tachy- 
cardia and the like [cf. Seitai no Kagaku (biochemistry), Vol. 42, p. 381 (1991)]. 

[0003] There are three subtypes of muscarinic receptors: receptors are present mainly in the brain, M 2 receptors, 
20 mainly in the heart, and M 3 receptors, on smooth muscles and glandular tissues. While a large number of compounds 
having antagonism to muscarinic receptors became known to date, those known compounds non -selectively antago- 
nize the three subtypes of muscarinic receptors. Hence, attempts to use these compounds as therapeutic or prophy- 
lactic agents for diseases of the respiratory system have caused undesirable side effects such as tachycardia, dry 
mouth, nausea and mydriasis. In particular, side effects associated with the heart such as tachycardia induced by M 2 
25 receptors pose problems, and their improvement has been In strong demand. 

[0004] Sugai et al. (Chem. Pharm. Bull. 32(3) 967-976 (1 984)) have synthesised various derivatives of 4-acyloxy-t - 
(1 ,3-dioxolan-4-y!methyl)piperidine and examined their spasmolytic activities. Some of them showed remarkable pa- 
paverine-like and/or atropine-like activities. The introduction of lipophilic substituents on the dtoxolane moiety increased 
the papaverine-like activity. 

30 [0005] According to Sugai et al. (Chem. Pharm. Bull. 32(3) 977-986 (1 984)), the quaternization of 4-acyloxy-1 -(1 ,3-di- 
oxolan-4-ylmethyi)piperidine derivatives with methyl bromide afforded two diastereo isomers in equal amounts. The 
stereochemistry of these compounds was determined from the chemical shift of the N-methyl signals in the proton 
nuclear magnetic resonance ( 1 H-NMR) spectra. The quaternary salts showed high anticholinergic activities. The trans 
isomers tended to be more potent than the corresponding cis Isomers. 

35 [0006] Sugai etal. (Chem. Pharm. Bull. 32(3) 1126-1134 (1984)) have synthesised various derivatives of 4-acyloxy- 
1-(1,3-dioxo!an-2-ylmethyl)piperadines and their quaternary salts and tested them for anticholinergic activities. The 
piperadine derivatives exhibit moderate activities. Among the quaternary salts, the frans-isomers were always more 
active than the corresponding c/s-isomers. 

[0007] EP 0 751 1 27, which forms part of the state of the art within the meaning of article 54(3) and (4) E PC, discloses 
^0 a substituted piperidine derivative represented by the following general formula (1 ) 



45 



50 



R2 A 



OH 
R5 



(1) 



wherein R 1 means an aryl or heteroaryl group which may have at least one substltuent, R 2 denotes an alkyl, alkenyl 
or aralkyl group, R 3 stands for a hydrogen atom or an alkyl group, and R 4 is a hydrogen atom, an alkyl group, or an 
55 aryl, heteroaryl, aralkyl, aralkenyl or heteroaralkyl group which may have at least one substituent, or a salt thereof. A 
medicine including this compound is also disclosed. The compound has excellent anticholinergic effect and calcium 
antagonism and inhibits reflex bladder contraction and is hence useful for prophylaxis of and treatment for a urinary 
disturbance such as pollakiurla. 
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Disclosure of the Invention 



[0008] We have conducted concentrate research work on compounds which exhibit antagonism selective for M 

diSC ° Vered 8UtSmUted het — atic ^ **— wnich a7e re^d 5 




[in the formula, Ri and R* may be same or different and each signifies hydrogen, halogen or lower alkvl R 3 
s,gmf,ee C 3 -C cyctoalkyl or cycloalkenyl; R< signifies a heteroaromatic ring group which may b condenTc * h ben- 
h«? 8 Wh ' C „ h 1 ° r 2 he,er ° at ° m8 8eleCted ff0m 8 9 r0U P con8i8ti "9 of nitrogen oxygen and su^ atoms 

zxswSXo " onaiiy subswu,ed " h ,ower am ha,o9en ,o ~ — -™ 

"Tt^L y ^ T fU ' 8S K Safe 8nd 6ffeCtiVe th6rapeutic 0r P ro P h y'^ic agente exhibfting little side effects tfTeS 
17h ? I 38 aSthma ' ChroniC a ' Way 0bStrUCt, ° n and pulmonaf y fibrosis . diseased nX 
ir Seboi 0 ; h 38 P0 " akl r a ' and Ur ' na,V *»«™». *"d gastrointestinal diseases such as 

ifo^ie^T ' 8PaSm °' 9aStr0intes,inal ,ract and S^rointestinal hyperkinesis. THe present invention 

[0009] Accordingly, therefore, the present invention relates to the substituted heteroaromatic ring derivatives which 
theirTr " 9enSral ' 0rmU,a Cl1 and the,r P ha ™ acautical * «-P«- — i their pmdSn passes a^S 
[0010] Definitions of terms used in this specification are explained hereinafter. 
[0011] Halogen denotes fluorine, chlorine, bromine and Iodine atoms 

E 2 ! * L h T r alkyl , denotes C 1~ C 6 or branched alkyl groups, eg., methyl, ethyl, propyl, isopropyl butyl sec- 
butyl, t-butyl, pentyl, isopentyl, hexyl and isohexyl. K w «°P™Wi. puiyi, sec 

E ^ amP ! eS °!^ 6 CyCl ° alkyl indUde c y cl °P ro Py | . cyclobutyl, cyclopentyl and cyclohexyl groups. 

E ^ f n ° ,eS Cl ," Cs " n6ar W branCh6d a ' k0Xy 9r0Ups - me,hox » 6 *°*» P~P^ isopmpoxy, 

[001 6] Lower alkoxycarbonyl denotes CVC, linear orbranched alkoxycarbonyl groups, eg.', methoxycarbonvl ethox- 

C T^vrL Pr0P T arb °I yl ' is ° Pr0p0XyCarb0nyl - "^xycarbony., sec-butoxyJrbon^l, SutoxycalnyTje" ^ 
caroonyl, Isopentyloxycarbonyl, hexyl oxycarbonyl and Isohexyloxycaraonyl groups etc 

b?n^roipttlr Carb0nyl den ° teS C7 " C, ° aralky,ox y carbon i" a ~up8, eg., benzyioxycarbony. and phenetyloxyca, 

[0018] Protected hydroxyl and amino signify hydroxyl and amino groups which are protected with conventionally 
used protective groups such as acyl, etc. convBniionaiiy 

omlnLCl 50 ? Prt>te t t,0n , S,9 , ni, : eS rSm0Val ° f Pr0tGCtlVe 9r0Ups by th0 means conventionally used in the field of 
organic chemistry, such as hydrolysis, hydrogenolysis and the like. 

5f? „ heteroaromalic rin 9 9 rou P whicn ma V be condensed with a benzene ring and which has 1 or2 hetero atoms 

substituted w,th lower alkyl, halogen, lower alkoxy, amino or hydroxymethyl) signifies, eg., 2-pyridyl, 3 pyridyl 4 pyridyl 
2- h.azofy., 2-thlonyl, 3-thlenyl, 1-imldazolyl, 2-imidazolyl, 3-imidazolyl, 4-imidazolyl, 3 pyrazolyl, 5-pTazolyl 2 S 
2^rroH 3-pyrroly. 2-pyrimidiny., 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyU-pyridazinW 4^rSy. 2 qu 

hS^XCup 9roups: wh,ch are optionally subsmmed lowar a,kyl - « kox y. ^ °' 

S i?aTSw?' ainin9the PreSen< inVenti0n ' fUrtherm0re ' of e ** o'^e symbols used in the 
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10 and their preferred examples are shown in the following. 

[0022] R 1 and R 2 may be same or different and each signifies hydrogen, halogen or lower alkyl, where halogen 
signifies fluorine, chlorine, bromine or iodine atom; lower alkyl signifies Cj-Cg linear or branched alkyl groups, for 
example, methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, pentyl, Isopentyl, hexyl and isohexyl groups, etc. Of 
those, hydrogen is preferred as R 1 and R 2 . 

15 [0023] R 3 signifies C 3 -C 6 cycloalkyl or cycloalkenyl, wherein examples of C 3 -C 6 cycloalkyl include, for example, 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups, and examples of CVCq cycloalkenyl include, for example, 
cyclopropenyl, cyclobutenyl, cyclopentenyl and cyclohexenyl. Of those, a cycloalkyl group is preferred as R 3 , in par- 
ticular, cyclopentyl is preferred. 

[0024] R 4 signifies a heteroaromatic ring group which may be condensed with a benzene ring and which has 1 or 2 
20 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic ring group 
being optionally substituted with tower alkyl, halogen, lower alkoxy, amino or hydroxymethyl), specific examples in- 
cluding 2-pyridyl, 3-pyridyl, 4-pyrldyl, 2-thlazolyl, 2-thlenyl : 3-thlenyl, 1-lmldazolyl, 2-lmldazolyl, 3-lmidazolyl, 4-imlda- 
zolyl, 3-pyrazolyL 5-pyrazolyl, 2-furyl, 3-furyl, 2-pyrroryl, 3-pyrrolyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazi- 
nyl, 3-pyridazinyl, 4-pyrldazlnyl, 2-qulnollnyl, 2-benzothlenyl and 2-lndolyl groups; which are optionally substituted with 
25 lower alkyl, halogen, lower alkoxy, amino or hydroxymethyl. Of those. 2-pyridyl group substituted with lower alkyl, 
halogen, amino or hydroxymethyl, in particular, lower alky I -substituted 2-pyridyl, inter alia 6-methyl-2-pyridyl group, is 
preferred. 

[0025] X stands for 0 or. NH, NH being the preferred. 

[0026] The compounds of the present invention include optically active compounds, and their racemates. 
30 [0027] Pharmaceutical ly acceptable salts of compounds of the general formula [I] signify those customary ones which 
are pharmaceutically acceptable. Examples of such acid addition salts include inorganic acid salts such as hydrochlo- 
rides, sulfates, nitrates, phosphates and perch lo rates; organic acid salts such as maleates, f umarates, tartrates, citrates 
and ascorbates; sulfonic acid salts such as methanesulfonates, isethionates, benzenesulfonates and p-toluenesul- 
fonates; and the like. 

35 [0028] Next, production processes of the compounds of the present invention are explained. 

[0029] Starting compounds to be used In the present Invention are readily available or can be prepared by purchasing 
marketed products or by processing known starting materials following methods disclosed in literature [cf. Rzeszotarski, 
et al., J. Med. Chem ., Vol. 25, pp. 1103-1106 (1982), etc.] 

[0030] Compounds of the general formula [I] can be prepared from starting compounds [III] following, for example, 
^0 the reaction scheme illustrated below. 
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SCHEME 1 




HX—\W, condensing l£ 
v - / agent R j 

CV] if necessary, base 

P'O 





NP 




R 3 CVI) 
j deprotection 



NH 



1. HX-V^c^i^ condensing" 

^ agent 

W if necessary, base 

2. if necessary, conversion 
of functional group 




is "*"0 

l.R«C^Lmi].base 
or R^CHO 0X3. reduction 

^2. if necessary, conversion 
p2 of functional group 



2.S 'i^fllllS 1 T th ! PreVi ° US,y ^ *•*«*"■: R 40 ^"ee a heteroaromatic ring group 
I™ V °° n *r e „ d ^ 3 benZenS rin9 and WhiCh has 1 or 2 he,ero atoms sel «** from a group consteting of 
nrtroganoxygenandsulfuratomstsaldheteroaromatlcring group being optional^ substituted with lower alkyl ha Zn 

SLStSTT ' Pr ° ,eCted amin °' hydr0Xymeth * " rotected "ydroxymethy lo»er a l koxycan 3 ony l 7a ra ,5^ 
carbonyl); P s.gnifies a protects group of imlno; pi signifies hydrogen ore protective group of hydroxyl L siqnTf es a 
leaving group; and conversion of functional group signifies deprotection and/or reductL of lowe7X^^«J 
aralkyloxycarbonyl group to hydroxymethyl or conversion to amino] alkoxycarbonyl or 

s T LI" ° Xy ' I 3 !?" by the 9eneral formula [MI1 can be readi 'y Prepared following, for example 

S. B. Kadin, et al.s method [J. Org. CJhem., Vol. 27, pp. 240-245 (1962)J 

£Si«J!!f e thr denSat ! 0 f n rea f ^ between a ca *oxylic acid of the general formula (III) with a protected plperldlne 
denvative of he general formula M B conducted using generally approximately the equivalents of the reactants If 

for llTl 0 ^ abase : A I OTnden8i "9 a 9 entelhos e generally used in organic syrtheticchemfetry such as, 
SdTSLEIS^^ l-^hyl-S-O-dimethylamlnopropyOcamodiimlde, di P heny.phospho,y 

We eie ■ a!^S« J Pheny,ph ° Sphlne ' etC ' are used - ,n P articu,a '. 1-«thyl-3-(3-dimethy.amino P ropy.)carbodiim- 

S^mlnir f, 00 ? 6 " 8 ^'?? T ' S Pre ' erab,y C ° ndUCt9d USing 8 SOlvent which 18 ,n8rt to the action. Examples 
bLnTJ tolr « J ° rthe ° CCaSi0n inC ' Ude di6thyl ether ' tetra "ydrofuran. N.N-dimethylformamide, dioxane 
T * to «*fn»~. ™thy.ene chloride, chloroform, carbon tetrachloride, dlchJoethane, trichloroeth: 
IT"' 68 PartiCU,an tetrah y drofuran . N.N-dimethylfonnamide and dioxane, etc. are preferred 

[0034] As bases used when the occasions demand, for example, aromatic amines such as pyridine 4-dimethvlami- 
nopyridine, p«co.,ne. lutldine, qu.nol.ne, isoqulnoline, etc. can be named. In particular, 4-d.meSamlp7r.lJ Z^i 

[0035] The reaction temperature usually ranges from -70«C to boiling point of the sclent used In the reaction, prof- 
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erably between -20°C and 100°C. 

[0036] The reaction time usually ranges from 5 minutes to 7 days, preferably between 1 0 minutes and 24 hours. 
[0037] The coupling reaction of a carboxylic acid of the general formula (III) with a protected piperidlne derivative of 
the general formula [V] can be conducted also by first converting the carboxylic acid expressed by the general formula 

5 [ill] to a reactive derivative and then reacting the same with a protected piperidlne derivative of the general formula 
[V]. As such reactive derivatives, those generally used in organic synthetic chemistry such as mixed acid anhydrides, 
activated esters, eg., N-hydroxysuccinimide ester, etc. and activated amides eg., imidazolide, etc. may be named. 
[0038] The reaction is generally conducted In an aprotonic solvent. Examples of useful solvent Include halogenated 
hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene, etc.; 

10 ethers such as ethyl ether, tetrahydrofuran, dioxane, etc.; aromatic hydrocarbons such as benzene, toluene, chloroben- 
zene, xylene, etc.; aprotonic polar solvents such as dimethylformamide, acetonitrile, ethyl acetate, hexamethylphos- 
phoric triamide, etc.; and their mixtures. 

[0039] The reaction temperature usually ranges from -70°C to boiling point of the solvent used in the reaction, pref- 
erably between -20°C and 100°C. 

15 [0040] The reaction time usually ranges from 5 minutes to 7 days, preferably between 1 0 minutes and 24 hours. 
[0041] For smooth progress, the above reaction may be conducted in the presence of a base. 
[0042] As the bases, for example, organic bases such as triethylamine. N-ethyldilsopropylamine, pyridine, 4-dimeth- 
ylaminopyridine, N, N-dimethy Ian i line, 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and 1, 5-diazabicyclo-[4.3.0]non- 
5-ene (DBN), etc. may be named, in particular, 4-dimethylaminopyridine being preferred. 

20 [0043] The amount of use of the base ranges from one mole to a molar excess, preferably 1 to 5 moles, per mole 
of a reactive derivatives of a carboxylic acid of the general formula [III]. 

[0044] Mixed acid anhydrides of compounds of the general formula [III] can be obtained, for example, by reacting 
the compounds with an alkyl chlorocarbonate, e.g., ethyl chlorocarbonate, an aliphatic carboxylic acid chloride, e.g., 
acetyl chloride, pivaloyl chloride or the like. 

25 [0045] Activated esters of compounds of the general formula [III] can be obtained by reacting a carboxylic acid of 
formula [Ml] with an N-hydroxy compound, e.g., N-hydroxysuccinimide, N-hydroxyphthalimide or 1 -hydroxybenzotria- 
zole; or a phenol compound, e.g., 4-nttrophenol, 2,4-dinitrophenol, 2.4.5-trichlorophenol. pentachlorophenol or the like; 
in the presence of a condensing agent, e.g., N^'-dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyI)carbo- 
diimide, diphenylphosphoryl azlde or dipyridyl disulfide-triphenylphosphine, according to conventional method. 

30 [0046] Activated amides of compounds of the general formula [III] can be obtained by reacting a carboxylic acid of 
formula [III] with IJ'-carbonyldiimidazole, 1 ,1*-carbonylbis(2-methylimidazole) or the like according to conventional 
method. 

[0047] In particular, when X in the general formula [V] is 0, it is also possible to make a compound of the formula [VI] 
through an ordinary ester-exchange reaction between a lower alkyl ester of a carboxylic acid of the general formula 

35 [Ml] and an alcohol of the general formula [V]. 

[0048] A lower alkyl ester of a compound of the general formula [III] Is obtainable by accepted methods, eg. t by 
reacting a carboxylic acid of the general formula [III] with an excess of lower alcohol in the presence of an acid catalyst, 
or by using an ester if cation reagent such as diazomethane, trimethylsilyl-diazomethane or the like. 
[0049] The ester-exchange reaction between a lower alkyl ester of a compound of the general formula [III] and a 

^0 compound of the general formula [V] in which X is 0 is conducted following, eg., Rzeszotarski, et al. 's method [ Journal 
of Medicinal Chemistry , Vol. 25, 1103-1106 (1982)] or the like. 

[0050] Compounds represented by the general formula [VIII] can be derived by removal of imino-protective groups 
in compounds of the general formula [VI]. Useful imino-protective groups include aralkyl groups such as benzyl, p- 
methoxybenzyl, p-nitrobenzyl, benzhydryl and trityl; lower alkanoyl groups such as formyl, acetyl and propionyl; aryl- 

45 alkanoyl groups such as phenylacetyl and phenoxyacetyl; lower alkoxycarbonyl groups such as methoxycarbonyl, 
ethoxycarbonyl and t-butoxycarbonyl; alkenyloxycarbonyl groups such as2-propenyloxycarbonyl; aralkyloxycarbonyl 
groups such as benzyl oxycarbony I and p-nitrobenzyloxycarbonyl; and lower alkylsilyl groups such as trimethylsilyl and 
t-butyldimethylsilyl, etc. In particular, t-butoxycarbonyl. benzytoxycarbonyl and the like are preferred. 
[0051] Deprotection method of Imino-protective groups differs depending on their kinds, and Is conducted by the 

50 means following known method [cf. Protective Groups in Organic Synthesis . T.W. Greene, John Wiley & Sons Co. 
(1 981 )] or methods analogous thereto, for example, using acid or base, or by reducing means such as reduction using 
a metal hydride complex or catalytic hydrogenolysis. 

[0052] Deprotection using an acid is generally conducted by treating the compound with an acid such as formic acid, 
trifluoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent such as methylene chloride, anisole, tetrahy- 
55 drofuran, dioxane, methanol or ethanol or a mixture of such a solvent with water, or in the absence of solvent, preferably 
at a temperature in the range from 0° to 1 00 Q C, for a period of time ranging from 1 0 minutes to 24 hours. 
[0053] Deprotection using a base can generally be carried out by treating the compound with an alkali metal hydrox- 
ide, e.g., lithium hydroxide, sodium hydroxide or potassium hydroxide; an alkali metal carbonate, e.g., sodium carbonate 
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or potassium carbonaie, in an inert soivent which exerts no adverse effect on the reaction, e.g., methanol, ethanoi, 
isopropanol, tetrahydrofuran or dioxane or a mixture of such a solvent with water, preferably at a temperature in the 
range of from -20 to 80°C, for a period of time ranging from 1 0 minutes to 24 hours. 

[0054J Catalytic hydrogen o lysis can generally be carried out in the presence of a catalyst such as palladium-on- 
carbon, palladium hydroxide, Raney nickel or platinum oxide, in an inert solvent, e.g., methanol, ethanoi, water or 
acetic acid or a mixture of such solvents, preferably under a pressure of hydrogen of 1 to 20 ko/cm 2 , preferably at a 
temperature in the range of from 0 to 40°C, for a period of time ranging from 1 0 minutes to 24 hours. 
[0055] Alkylatlon of a deprotected compound of the general formula [VIII] wKh a compound of the general formula 
[VII] is conducted through a reaction at a temperature between 0°C and boiling point of the employed solvent for 10 
minutes to 48 hours, In the presence of 1-10 equivalents of an alkylatlon agent of the general formula [VII]; 1-10 
equivalents, preferably 1-3 equivalents, of a base; and if necessary 0.1-10 equivalents, preferably 0.1-2 equivalents, 
of a reaction promotor; all the ratios being based on the deprotected body. 

[0056] The reaction is usually conducted in an inert solvent. Examples of useful inert solvent include: ethers such 
as ethyl ether, tetrahydrofuran, dioxane andthe like; aromatic hydrocarbons such as benzene, toluene, chlorobenzene. 
xylene andthe like; aprotonlc polar solvents such as dimethyl sulfoxide, N.N-dimethylformamide. acetonitrile, hexam- 
ethylphosphoric triamide and the like; and their mixtures. 

[0057] As examples of leaving groups, halogen atoms, trifluoroacetoxy group, methanesulfonyloxy group, trifluor- 
omethanesulfonyloxy group, p-toluenesulfonyloxy group, diphenoxyphosphoryloxy group and the like can be named. 
In particular, halogen atoms and methanesulfonyloxy group are preferred. 

[0058] As the bases used for the reaction, for example, metal hydrides such as lithium hydride, sodium hydride, 
potassium hydride, etc.; metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.; 
alkali metal bicarbonates such as sodium hydrogencarbonate, potassium hydrogencarbonate, etc.; alkali metal car- 
bonates such as sodium carbonate, potassium carbonate, etc.; tertiary aliphatic amines such as trimethyiamine, tri- 
ethyl amine, N,N-diisopropylethylamlne, N-methylmorpholine, N-methylpyrrolidine, N-methylplperidlne, N,N-dlmethyl- 
aniline, 1 ,8-diazabicyclo-[5.4.0]undec-7-ene (DBU), 1 ,5-diazabicyclo[4.3.0]non-5-en (DBN), etc. ; and aromatic amines 
such as pyridine, 4-dimethylaminopyridine, picoline, lutidine, quinoline, isoquinoline, etc. may be named. In particular, 
N,N-diisopropylethylamine and triethylamine are preferred. 

[0059] As useful reaction promotors, alkali metal iodides such as lithium iodide, sodium iodide, potassium iodide, 
etc. can be named. In particular, potassium iodide is preferred. 

[0060] Reductive alkylation of a deprotected compound of the general formula [VIII] with a compound of the general 
formula [IX] is generally conducted in an inert solvent which is not detrimental to the reaction. Examples of such inert 
solvent include alcohols such as methanol, ethanoi, etc. ; ethers such as ethyl ether, tetrahydrofuran, dioxane, etc.: 
aromatic hydrocarbons such as benzene, toluene, etc.; and mixed solvents thereof. For instance, methanol, ethanoi! 
tetrahydrofuran and toluene are preferred. 

[0061] The reaction temperature usually ranges from -30°C to 200*C, preferably from 0*C to 1 00*C. 
[0062] The reaction time usually ranges from 10 minutes to 7 days, preferably from 10 minutes to 24 hours. 
[0063] This reaction can be carried out under weakly acidic conditions which facilitate formation of Schlff bases. 
Acids which can be used for that purpose include, for example, p-totuenesulfonic acid, hydrochloric acid, acetic acid 
and trifluoroacetic acid. 

[0064] The reducing reaction can be effected, for example, using a metal hydride complex such as sodium borohy- 
dride, sodium cyan oboro hydride or lithium aluminum hydride, or by catalytic hydrogenation using a palladlum-on-car- 
bon catalyst, a Raney nickel catalyst or the like. Preferably, it is effected using a metal hydride complex such as sodium 
borohydride or sodium cyanoborohydride. Especially when the reducing reaction is carried out under weakly acidic 
conditions which facilitate formation of Schiff bases, it is preferable to use sodium cyanoborohydride or the like which 
are relatively stable under the acidic condition. 

[0065] When a metal hydride complex Is used as the reducing agent, the amount of reducing agent used may usually 
range from 1 mole to a molar excess, preferably from 1 to 1 0 moles, per mole of the compound of formula [IX]. 
[0066] The reaction of a compound of the general formula [III] or a reactive derivative thereof with a compound of 
the general formula [X] can be carried out in the manner similar to that between a compound of above general formula 
[ill] or a reactive derivative thereof with a compound of the general formula [V]. 

[0067] Moreover, when a compound formed upon condensation of a compound of the general formula [III] or a re- 
active derivative thereof with a compound of the general formula [X], or a compound formed upon condensation of a 
compound of the general formula [VIII] with a compound of the general formula [VII] or [IX] contains a protective group 
of functional group and/or lower alkoxycarbonyl or aralkyloxycarbonyl, a suitable functional group conversion needs 
to be conducted. Functional group conversion signifies removal of the protective group, reduction of the lower alkox- 
ycarbonyl or aralkyloxycarbonyl group to hydroxymethyl or conversion to amino. 

[0068] For the deprotection, above-described deprotection conditions can be suitably selected, depending on kind 
of the protective group. Reduction of a lower alkoxycarbonyl or aralkyloxycarbonyl group to hydroxymethyl can be 
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effected through reduction using LIAIH 4 or the like, and the conversion to amino can be effected through a reaction 
which is generally referred to as Curtius reaction. 

[0069] Isolation and purification of the general formula [I] compounds which are obtained through above-described 
processes can be effected by such usual separation methods as column chromatography, liquid chromatography or 
5 thin-layer chromatography, using silica gel, adsorbent resin or the like; solvent extraction or recrystalllzation and re- 
precipitation; performed either singly or in combination. 

[0070] While the compounds of the present invention and their intermediates have optical isomers, this invention 
encompasses all of the optical isomers and their racemates. 

[0071] When the compounds of the present invention and intermediates thereof are racemates, their optical resolu- 
te tlon can be achieved by conventional means such as high-performance liquid chromatography using a chiral carrier, 
or fractional crystallization of diastereomeric salts thereof. 

[0072] The compounds of formula [I] obtained in the above-described manner may be converted into pharmaceuti- 
cally acceptable salts thereof according to accepted practice. Conversely, such salts may also be converted into the 
corresponding free amines according to accepted practice. 
is [0073] Hereinafter action of compounds of the present invention to inhibit binding to muscarinic receptors and their 
in vitro and in vivo antagonism to muscarinic receptors are described, to concretely indicate utility of the present in- 
vention. As the labelling ligand for M t muscarinic receptor, [ 3 H]-te!enzeplne was used and as that for M 2 and M 3 mus- 
carinic receptors, pH]-N-methy [-scopolamine was used, and dissociation constants (K,) were calculated from concen- 
tration of each of the tested compounds to inhibit binding of the labelling ligand by 50% (IC^). 

20 

Test on inhibition of binding to muscarinic receptors 

1) Making membrane preparations 

25 [0074] Male SD strain rats weighing each 250 g-350 g [Japan Charles River K.K.] were sacrificed and their cerebral 
cortices, hearts and lacrimal glands were extirpated. The isolated organs were homogenized with Polytron (setting: 5) 
in an ice-cooled, 5-times diluted buffer solution (pH 7.4) containing 50 mM tris-hydrochloric acid, 5 mM magnesium 
chloride, 1 mM ethylenediamine-tetraacetic acid trisodium salt and 20% sucrose, followed by 15 minutes' centrifuge 
at 3,000 x g and 4°C. After filtering the supernatant through gauze cloth, the filtrate was further subjected to an uftra- 

30 centrifugation at 100,000 x g at 4*C for 45 minutes. The resultant precipitate was suspended in an ice-cooled buffer 
solution (pH 7.4, hereafter abbreviated as tris buffer) containing 50 mM tris-hydrochloric acid and 5 mM magnesium 
chloride. The suspension was subjected to an uftracentrifugatlon at 100,000 x g at 4°C for 45 minutes. The resultant 
precipitate was suspended in tris buffer at a concentration of 50 mg/ml and kept at -80°C until the time of use. It was 
melted at the time of use In the binding Inhibition tests. 

35 

2) Tests on Inhibition of M 1 muscarinic receptor binding 

[0075] These tests were performed according to a modification of the method of Hargreaves et al. (Br. J. Pharmacol . 
107: pp. 494-501, 1992). Namely, a cerebral cortex membrane preparation, 1 nM [ 3 H]-telenzepine (pH]-Telenzeplne, 
85 Ci/mmol, New England Nuclear) and a test compound were incubated in 0.5 ml of tris buffer at room temperature 
(about 20-25 g C) for 120 minutes. Into the incubated system, 0.5 ml of Ice-cooled tris buffer was added and suction- 
filtered with a glass filter (Packard Unifilter Plate GF/C). The filter was washed 4 times each with 1 ml of ice-cooled tris 
buffer. After drying the filter at 50°C for an hour, a scintillator (Microscinti 0: Packard Instrument Co., Inc.) was added 
and the radioactivity of the [ 3 H]-telenzepine which was adsorbed onto the filter was measured with a microplate scin- 
45 filiation counter (Top Count: Packard Instrument Co., Inc.). Non-specific binding of pH]-telenzepine to the receptors 
was determined under addition of 10 uJvl pirenzepine. Binding affinity of compounds of the present invention to M 1 
muscarinic receptor was determined following the method of Cheng and Prussoff (Biochem. Pharmacol. 22: 3099-31 08, 
1973). ie.. the dissociation constant (Kj) was calculated from the concentration (IC^) of each test compound which 
achieved 50% inhibition of binding of pHJ-telenzepine, the labelling ligand used. 

50 

3) Test on inhibition of M 2 muscarinic receptor binding 

[0076] The test was conducted in the manner similar to above 2) M 1 muscarinic receptor binding inhibition test, 
except that the membrane preparations of the heart were used as the test specimens and 0.2 nM [ 3 H]-N-methylsco- 
55 polamine (pH]-N-Methylscopolamine, 84 Ci/mmol, New England Nuclear) was used as the labelling ligand. Non-spe- 
cific binding of [ 3 H]-N-methylscopolamine to the receptors was determined under addition of 1 jiM N-methylscopo- 
lamine. 
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4) Test on inhibition of M 3 muscarinic receptor binding 

[0077] The test was conducted In the manner similar to above 2) M 1 muscarinic receptor binding inhibition test, 
except that the membrane preparations of the lacrimal glands were used as the test specimens and 0.02 nM pH]-N- 
methylscopolamine was used as the labelling ligand. Non-specific binding of pH]-N-methylscopoIamineto the receptor 
was determined under addition of 1 jiM N-methylscopolamine. 



TABLE 1 



Inhibitory Effects on Binding to Muscarinic M 1t M 2 and M 3 Receptors 




K| (nM) 


Mj/M 3 


M 2 /M 3 


M t 


M 2 


M 3 


Compound of Example 1 


12 


1100 


2.9 


4.3 


380 


Compound of Example 9 


29 


1300 


9.4 


3.1 


140 


Compound of Example 10 


16 


1300 


7.6 


2.1 


170 


Compound of Example 11 


11 


730 


8.8 


1.3 


83 



[0078] As indicated in the above Table, the compounds of the present invention exhibited more potent antagonism 
to M 3 muscarinic receptor, than that to M 1 and M 2 muscarinic receptors. 

Test-1 for antagonism to muscarinic receptors (in vitro) 

1 ) Test for antagonism to M 1 receptor in an isolated rabbit vas deferens 

[0079] This test was conducted following the method of Eltze, et al. [European Journal of Pharmacology . Vol. 1 51 , 
pp. 205-221]. Male Japanese White rabbits (each weighing about 3 kg) were sacrificed by exsanguination from arteria 
femoralis under anesthetization with pentobarbital, and the vas deferens were isolated. As the vas deferens prepara- 
tion, the part close to the prostate gland (1 cm in length) was used. The preparation was isometrically suspended In 
the direction of long axis in a Magnus tube filled with 20 ml of Krebs-Henseleit solution [gassed with 95% 0 2 -5% C0 2 
and kept at 31 g C, containing 1 u,M yohimbine (02 antagonist)] at an Initial tension of 1 .0 g and a resting tension of 0.75 
g. The tension in each preparation was isometrically recorded. After 30 minutes' equilibration, contraction of the prep- 
aration under electric stimulation (0.5 ms, 30 V) using a bipolar electrode was caused at every 20 seconds. After the 
contraction caused by the electric stimulation became stable.. contraction-Inhibitory response caused by McN A-343 
(2.5 x 10" 5 M, an M r selective agonist) was observed three times (conditioning response). Washing the preparation 
with a fresh solution to recover it from the contraction, McN A-343 (1 Cr 7 -1 0- ^M) was cumulatively administered thereto 
from a low concentration to three-fold increased dose, until the maximum response was obtained, to obtain a control 
dose-response curve. The preparation was again washed with the fresh solution and recovered from the contraction, 
and thereafter treated with a test compound. Ten minutes after the treatment, again McN A-343 was cumulatively 
administered to the preparation . The response to McN A-343 was expressed based on the extent of contraction before 
the administration of McN A-343, which was setto be 1 00%. The antagonistic potency (Kg value) of the test compound 
was determined from the degree of shift in the dose-response curve caused by the treatment with the test compound. 

2) Test for antagonis to M 2 receptor in isolated rat right atrium 

[0080] This test was conducted following the method of Wess, et al. [British Journal of Pharmacology , Vol. 1 02, pp. 
246-250]. Male SD strain rats (weighing 200-300 g) were sacrificed by exsanguination and the right atrium was isolated. 
Each preparation was isometrically suspended in a Magnus tube filled with 20 ml of Krebs-Henseleit solution (gassed 
with 95% 0 2 -5% C0 2 , at 32*C) at an initial tension of 0.5 g. The heart rate was recorded with a heart rate counter. 
After the preparation was equilibrated for 30 minutes, carbachol (10* to 10' 6 M) was cumulatively administered from 
a low concentration to three-fold Increased doses. Thus, a decrease in heart rate was measured to obtain a control 
dose-response curve. After the preparation was washed with fresh solution to recover the heart rate, a test compound 
was administered thereto. Ten minutes later, carbachol was cumulatively administered again. Carbachol-induced re- 
sponses were expressed as percentages based on the heart rate before administration of carbachol as 100%. The 
antagonistic potency (K B value) of the test compound was determined from the degree of shift of the dose-response 
curve resulted from the treatment with individual test compound of the present invention. 
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3) Test for antagonism to the airway M 3 receptor in an Isolated rat trachea 

[0081] This test was conducted following the method of Berge, et a). [European Journal of Pharmacology , Vol. 233, 
pp. 279-284]. Male SD strain rats (200-300 g) were sacrificed by exsangui nation and the trachea was Isolated. Ring 
5 segments (2 mm wide) were cut out from the trachea and cut transversely at the anterior cartilage part to make open 
ring preparations. Each preparation was suspended in a Magnus tube filled with 5 ml of Krebs-Henseleit solution 
(gassed with 95% 0 2 -5% C0 2 , at 37°C) at an initial tension of t .0 g and a resting tension of 0.6 g. The tension of the 
preparation was recorded isometrlcally. After being equilibrated for an hour, the preparation was made to contract twice 
by treatment with 1 O^M carbachol, and the second contraction induced by carbachol was used as the reference con- 
to traction. After the preparation was washed with fresh solution to be recovered to the base line, a test compound was 
administered thereto (or no treatment was given). Ten minutes later, carbachol (10~ 8 to 10" 3 M) was cumulatively ad- 
ministered in three-fold increased doses to obtain a dose-response curve. The dose-response curve was plotted by 
expressing responses as percentages based on the reference contraction of the preparation as 1 00%. The antagonistic 
potency (Kg value) of the test compound was determined from the degree of shift of the dose-response curve obtained 
is by treatment with the test compound. 

4) Test for antagonism to the Intestinal tract M 3 receptor In Isolated rat Ileum 

[0082] Male SD strain rats (200-300 g) were sacrificed by exsanguination, and the ileum was isolated and formed 
20 into 2 cm-long preparations. Each preparation was suspended in a Magnus tube filled with 20 ml of Krebs-Henselelt 
solution (gassed with 95% 0 2 -5% C0 2 at 30 6 C) with a load of 0.5 g. Tension in the preparation was isotonically recorded. 
After an hour's equilibration, the preparation was contracted twice with ICr^M carbachol, the second contraction being 
recorded as the reference contraction. After the preparation was washed with fresh solution and recovered to the base 
line, a test compounds was administered thereto (or no treatment was given). Ten minutes later, carbachol (10' B to 
25 10 3 M) was cumulatively administered to the preparation from at a low concentration to three-fold increased dose to 
obtain a dose-response curve. The dose-response curve was plotted by expressing responses as percentages based 
on the reference contraction of the preparation which was set to be 1 00%. The antagonistic potency (K B value) of the 
test compound was determined from the degree of shift in the dose-response curve resulted from the treatment with 
the test compound. 

30 

5) Test for antagonism to the bladder M 3 receptor in isolated rat urinary bladder 

[0083] This test was conducted following the method of NoronhaBlob, et al. [ Journal of Pharmacological Experi- 
mental Therapeutics , Vol. 256, pp. 562-567]. Male SD strain rats (200-300 g) were sacrificed by exsanguination and 

35 the urinary bladder was isolated. The bladders were cut into four longitudinal unfold sections, to form about 10 mm- 
long preparations. Each preparation was suspended in a Magnus tube filled with 5 ml of Krebs-Henselelt solution 
(gassed with 95% O a -5% C0 2 at 32°C) at an Initial tension of 0.5 g. The tension in the preparation was isometrically 
recorded. After an hour's equilibration, the preparation was contracted twice with tO^M carbachol, the second con- 
traction being recorded as the reference contraction. After the preparation was washed with fresh solution and recov- 

40 ered to the base line, a test compound was administered thereto (or no treatment was given). Ten minutes later, car- 
bachol (1 0- 8 to 10- 3 M) was cumulatively administered to the preparation from at a low concentration to three-fold in- 
creased dose to obtain a dose-response curve. The dose-response curve was plotted by expressing responses as 
percentages based on the reference contraction of the preparation which was set to be 1 00%. The antagonistic potency 
(K B value) of the test compound was determined from the degree of shift In the dose-response curve resulted from the 

45 treatment with the test compound. 
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[0084] As indicated above, the compound of the present Invention exhibited antagonism to muscarinic receptors of 
vas deferens M„ atrium M 2 , airway M 3 , ileus M 3 and bladder M 3 ; in particular, exhibited potent antagonism to airway 
M 3 and bladder M 3 receptors. Moreover, the action was more selective for the airway and bladder M 3 receptors That 
is, the compound of the present Invention Is a compound more selective for airway and bladder M 3 receptors 
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Test 2 for antagonism to muscarinic receptors (In vivo) 
1) Test for airway resistance enhancement in rats 

5 [0085] Eight- to eleven-weeks-old Sprague-Dawley strain rats (300-400 g) were anesthetized with urethane (750 
mg/kg, Lp.) and a-chloralose (37.5 mg/kg, i.p). The bronchus of each rat was intubated, and the right jugular vein was 
cannulated for drug administration. After spontaneous respiration was completely suppressed with succinylcholine (5 
mg/kg. s.c.), the airway resistance was measured under artificial ventilation by means of a Pulmonary Mechanics Model 
6 (Buxco). After stable airway resistance increase induced by intravenous administration of acetylcholine (50 ng/kg) 

10 was observed, a test compound was administered intravenously. After 5 minutes, once again the airway resistance 
increase was induced with acetylcholine. The inhibition ratio of the tested compound on the airway resistance increase 
before administration of the test compound was calculated, and the dose of the test compound which inhibited the 
airway resistance obtained before the drug administration by 50% was recorded as ID^ 0 value. 

15 2) Test on rat bradycardia 

[0086] Eight- to eleven-weeks-old Sprague-Dawley strain rats (300-400 g) were anesthetized by intraperitoneal in- 
jection of urethane (750 mg/kg) and a-chloralose (37.5 mg/kg), and their right carotid artery, left juglar vein and airway 
of the rat were cannulated. After the spontaneous respiration was completely suppressed with succinylcholine (5 mg/ 
20 kg, s.c), their heart rates were measured under artificial ventilation. After stable bradycardia induced by intravenous 
administration of acetylcholine (10 ng/kg) was observed, a test compound was intravenously administered. Five min- 
utes later, bradycardia was induced once again with acetylcholine administration. The inhibition ratio to the bradycardia 
obtained before the administration of the test compound was calculated, and the dose of the test compound which 
inhibited the bradycardia obtained before the drug administration by 50% was recorded as ID^ value. 

25 

TABLE 3 



Antagonism to Muscarinic Receptors (in vivo) 




airway constriction IDso (mg/kg i.v.) 


bradycardia ID 50 (mg/kg iv) 


Compound of Example 1 


0.037 


>3 


atoropine 


0.0043 


0.0037 


ipratropium 


0.0015 


0.0018 



35 [0087] As above- indicated, the compound of the present invention exhibited potent bronchodilation, and was selec- 
tive over bradycardiac response In which M 2 muscarinic receptor participates and which is associated with such side- 
effects as tachycardia of conventional cholinolytic agents. Whereas, atropine and ipratropium, the control compounds, 
exhibited potent activities in both cases and their actions were non-selective. 

[0088] Those compounds which are represented by the general formula [I] can be administered to patients orally or 

40 parenterally, and can be used as therapeutic or prophylactic agents of asthma, chronic airway obstruction and pulmo- 
nary fibrosis, etc.; urination disorders as pollakiurea, urgency and urinary incontinence, etc.; and gastrointestinal dis- 
eases such as irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis upon formu- 
lating them into preparation forms suitable for respective administration routes. In clinical use of compounds of the 
present invention, it is also permissible to incorporate pharmaceutical^ acceptable adjuvants and formulate the prep- 

45 arations into the forms suitable for intended administration. As the adjuvants to be used in such occasions, those 
commonly used in the filed of pharmaceutics can be used, examples of which include: gelatin, lactose, sucrose, titanium 
oxide, starch, crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, com starch, microcrystal- 
line wax, white petrolatum, magnesium aluminate metasilicate, anhydrous calcium phosphate ; citric acid, trisodium 
citrate, hydroxy propyl cellulose, sorbitol, sorbitan fatty acid ester, polysorbate, sucrose fatty acid ester, poryoxyethylene, 

so hardened castor oil, polyvinylpyrrolidone, magnesium stearate : light silicic anhydride, talc, vegetable oil, benzyl alcohol, 
gum arabic, propylene glycol, polyalkylene glycol, cyclodextrin and hydroxypropylcyclodextrin. 
[0089] The dosage forms of pharmaceutical compositions prepared as mixtures with these adjuvants include solid 
preparations such as tablets, capsules, granules, powders and suppositories; liquid preparations such as syrups, elixirs 
and injections; and the like. These preparations may be formulated according to conventional techniques well-known 

55 in the field of pharmaceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other 
suitable media immediately prior to use. In particular, injections may be in the form of a solution or suspension in 
physiological saline solution or a glucose solution. If desired, such injections may contain buffer agents and/or pre- 
servatives. 
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[COSGj in these pharmaceutical compositions, a compound In accordance with the present Invention may be present 
atarat-oof from 1.0 to 100% by weight, preferaWy 1.0 to 60% ^weight, based on tt,e total weigrrt of thT^ 
, ^T* 0 *"™ 1 ^Positions may additional^ contain other therapeutically effective compounds ° mP ° S,tl0n - 

SSL C ° mp ° UndS ° f PreSent inVenti ° n are USed 38 br °"chodilators, their dosage level and dosage 

schedu^may vary according to sex, age and body weight of individual patient, severity of symptoms, type and range 
of desired therapeutic activity, and the like. Generally for oral administration, they are preferably adminisTered in a daSv 
*seof0.1to100mg/kgforad^^ 

» r ,h9y PMte T? .■**«— a ™* *~ - 0001 to 1 0 mg/kg for adufts and th'da^ doTo mLy 
be given at a time or in several divided doses. y 

££LJ? ^ P T ent ' nVen,,0n ' S m ° re s P 6c,flca "y ex P |alned Wth reference to working examples, It being 
understood that the examples are in no way limitative of the scope of the invention. 

Example 1 

(2R)-N-ri.t6.methv|.2.pyridvlmethvl)pl P eri^ 
[0093] 



Structural formula 




(1 A) Synthesis of (2R)-2-cv clopentvl-2-hvdroxv-2-Dhenvlacetic acid bv optical resolution 

[0094] Into a solution of 23.5 g of phenylglyoxylic acid ethyl ester in 200 ml of tetrahydrofuran, a diethyl ether solution 
of cyclopentyl magnesium chloride was added dropwiso under ico cooling, followed by 30 minutes' stirring at the same 
temperature. Saturated aqueous ammonium chloride solution was added to the reaction mixture, and the reaction 

Zul ™ JSL I ; » " ! hS r6SidJe WaS PUri " ed by SiliCa 961 column chromatography (haxana/ethyl acetate 
in 40 ml of methanol. To the solution 20 ml of 4N sodium hydroxide solution was added at room temperature, followed 
by 2 hours st.rr.ng at the same temperature, and 1 hour's stirring at 50*C. Distilling the methanol off under reduced 
pressure, theaqueous layerwasrenderedweakly acidic with 4N hydrochloric acid and then extracted with ethyl acetate 
The >exhact was washed with saturated saline solution, dried over anhydrous sodium sulfate and removed of the solvent 
by distillation. The resulting solid was washed with diethyl ether/hexane = 1/1, and 8.7 g of 2-cyclopentyl-2-hvdroxv- 
2-phenylacetlc acid was obtained, which was dissolved, together with 1 1 .6 g of clnchonidine, In 1 .5 liters of toluene 
under heating, and the solution was cooled off to room temperature consuming about 4 hours The white needles 
whereby -precipitated were once again dissolved In 900 ml of toluene and cooled off to mom temperature consuming 
about 4 hours. Recovering the precipitated white, acicular crystals by filtration. 8.0 g of (2R)-2-cyclopentyl-2-hydroxv 
2-phenylacetlc acid clnchonidine salt was obtained. The salt was dissolved in a mixture of diethyl ether and 1 N I hydro- 
chloric acid, and the organic layer was washed with water and then with saturated saline solution, and dried over 
anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure. 3.0 g of the title compound was ob- 
tained as a white solid. " 

(1 B) Production of (2m-2-CTcl opantvl-2-hvdroxy-2-phenvlacetic acid by asymmetric synthesis 

[0095] To a solution of 293 mg of (2S,5S)-2-(t-butyl)-5-phenyl-1 ,3-dioxolan-4-one, which had been synthesized fol- 
lowing the method of D. Seebach, et al. [Tetrahedron, Vol. 40, pp. 1313-1324 (1984)], in 10 ml of tetrahydrofuran, 1 0 
ml of a hexane solution of 1 .5 M lithium diisopropylamide was added dropwise at -78«C, followed by 30 minutes' stininq 
addition of 0.15 ml of cyclopentanone, 1 hour's stirring at the same temperature and then addition of a solution of 510 



14 



EP 0 863 141 B1 



mg of N-phenyitrifluoromethanesulfonimide in 5 ml of tetrahydrof uran. Tha reaction mixture was stirred overnight while 
being restored to room temperature. The resultant reaction mixture was poured into saturated aqueous ammonjum 
chloride solution and extracted with ethyl acetate. The extract was washed with saturated saline solution, dried over 
anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 

5 by silica gel column chromatography (hexane/ethyl acetate = 40/1), and 361 mg of an yellow oily substance was ob- 
tained, 113 mg of which was dissolved in 4 ml of methanol. To the solution 45 mg of sodium acetate and 15 and mg 
of 10% palladium-on-carbon were added and stirred for 6 hours in a hydrogen atmosphere at normal pressure and 
room temperature. The reaction mixture wasf iltered through celite pad and removed of the solvent by reduced pressure 
distillation. To the residue ethyl acetate and saturated aqueous sodium hydrogencarbonate solution were added. The 

10 organic layer was separated, washed with saturated saline solution, dried over anhydrous magnesium sulfate and 
removed of the solvent by reduced pressure distillation. The residue was purified by preparative thin layer chromatog- 
raphy (Kieselgel™ 60F 25 4» Art 5744: Merck, hexane/ethyl acetate = 19/1) to give 63 mg of a colorless oily substance. 
This product was dissolved in 1 ml of methanol, added with 1 ml of 1N sodium hydroxide solution and stirred for 3 
hours at 60°C. Distilling the methanol off under reduced pressure, the remaining reaction mixture was washed with 

15 diethyl ether, made acidic with 1 N hydrochloric acid and extracted with chloroform. The organic layer was washed with 
saturated saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure 
distillation, to give 46 mg of the title compound as a white solid. 

(2) Synthesis of 4-t-butoxycarbonylamino-1 -(6-methyl-2-pyridylmethyi)piperidine 

20 ' ~~ " ' ~" "~ 

[0096] In 15 ml of dichloroethane, 31 5 mg of 4-t-butoxycarbonylaminopiperidine, 320 mg of 6-methyl-2-pyridinecar- 
baldehyde and 100 mg of acetic acid were dissolved. To the solution 575 mg of sodium trlacetoxyborohydride was 
added at room temperature, followed by an hour's stirring at the same temperature. The reaction mixture was poured 
into saturated aqueous sodium hydrogencarbonate solution and extracted with chloroform. The extract was dried over 
25 anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 
by silica gel column chromatography (chloroform/methanol = 100/1 to 5071), to give 540 mg of the title compound as 
a white solid. 

(3) Synthesis of 4-amino-1-(6-methyl-2-pyridylmethyl)'piperidine trihvdrochiorlde 
30 ~* ' ~ *~ 

[0097] In 20 ml of methanol, 540 mg of 4-t-butoxycarbonylamino-1-(6-methyl'2-pyridylmethyl)piperidine was dis- 
solved, and to the solution 1 0 ml of 10% hydrogen chloride in methanol was added at room temperature, followed by 
12 hours' stirring at the same temperature. Thereafter the solvent was distilled off under reduced pressure to give 530 
mg of the title compound as a white solid. 

35 

(4) Synthesis of (2R)-N-[1-(6-methyi-2-pyricrylmethyi)-piperidin-4-yl]-2-cyclopentyl-2-hvdroxv-2-phenylaceta 

[0098] To a solution of 1 1 0 mg of (2R)-2-cyclopentyl-2-hydroxy-2-phenylacetic acid, which had been obtained in Step 
(1 A), in 8 ml of N.N-dimethylform amide, 95 mg of 1 ,1-carbonyldilmldazolewas added at room temperature, and stirred 

*o for an hour at the same temperature. To the reaction mixture, further 1 80 mg of 4-amino-1 -(6-methyl-2-pyridylmethyl) 
piperidine tri hydrochloride as obtained In Step (3), 0.75 ml of trlethylamine and 7.5 mg of 4*dimethylaminopyridine 
were added and stirred for 16 hours. The reaction mixture was poured into saturated aqueous solution of sodium 
hydrogencarbonate and extracted with diethyl ether. The extract was sequentially washed with water and saturated 
saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. 

45 The residue was purified by silica gel column chromatography (chloroform/methanol = 50/1 ) to give 1 72 mg of the title 
compound as a white solid. 

FAB-MS(m/e, (C 2 5H33N 3 0 2 +H)+): 408 

iH-NMRCCDCy 5: 1.11-1.28 (1H, m), 1.36-1.90 (11H, m), 2.12-2.27 (2H, m), 2.53 (3H, s), 2.68-2.80 (2H, m), 
2.95-3.09 (1H, m), 3.16 (1H, brs), 3.59 (2H, s), 3.65-3.80 (1H, m), 6.32 (1H, brd. J=8.1H2), 7.01 {1H, brd, J=7.3Hz), 
50 7.19 (1H, brd, J=7.6Hz), 7.22-7.36 (3H, m), 7.48-7.63 (3H, m) 

(5) Synthesis of (2R)-N-[1-(6-methyi-2-pyridylmethyl)-piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 
dihydrochloride 

55 [0099] 172 Milligrams of (2R)-N-[1-(6-methyl-2-pyridylmethyl)piperidin-4-yQ-2-cyclopentyl-2-hydroxy-2-phenyla- 
cetamide as obtained in Step (4) was dissolved in ethanol. To the solution 4N hydrogen chloride/ethyl acetate was 
added at room temperature and concentrated under reduced pressure. The residue was dissolved in a small amount 
of ethanol and solidified by addition of diethyl ether. The solid was recovered by filtration and dried under reduced 
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pressure io give i4t> mg of the title compound as a white solid 

Jo« N mu (C P Cb) 5: 1 ° 7 " 1 - 70 (8H ' m)> 1812 08 (4H ' m >' 273 < 3H - •)• 301 " 3 - 34 OH, m), 3.48-3 66 (2H m) 
8^Tl H t j% m 9Hzf <2H ' 71 ^ (3H> ^ 7 58 " 7 65 7 M 0 K ^ J=7 9 " 2) ' 7 ■» * H ' «2»5 

Example 2 

N^1M4-methv|.2.pvridvlmethvn plpefldln-4-vn-2-evclop e ntvl-2-hvdroxv-2-phenvlaeet a mlrtA 

(1) Synthesis of N-(1 -t-butoxycarbonvlplperidin^- vD^-evelopentvl^-hydroxv^-Dhenvlacetamide 
[0100] 

Structural formula 




i in ^ mi If m 1? * h mg of 2-cyclopentyl-2-hydroxy-2-phenylacetic acid as obtained in Step (1A) of Example 
fo an ^IX^^T"™!* m9 ° f 1 ' 1 ■ carbon y |diimidazote added at room tempeVaiure, and stirred 
for an hour at the same temperature. Further 846 mg of 4-amino-1 -t-butoxycarbonylpiperidine hydrochloride and 1 ml 
o f d^opropylethylamine wore added, fo.iowed by 16 hours' stirring. The raactlon mbrL was Into wtfeVand 

extracted wrth diethyl ether. The extract was sequentially washed with water and saturated saline Z£ S over 
anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 
white I'd C chromato 9 ra P h V (haxana/ethyl acetate = 4/1 to 1/1) to give 752 mg of the title compound as a 



(2) Synthesis of N-foiDeridin-4 -yl)-2-cvclopentyl-2-hvdroxv-2-phenvlacetamide 

1T2 Jr 2 ri'^l 01 N -( 1 -" ,utox y carbon y'P'P«^in.4. y i)- 2<yclopentyl-2-hydrt)xy-2. P henylacetamide was dis- 
solved ,n 7 ml of 4N hydrogen chloride-dioxane solution, and stirred for 12 hours at room temperature. The reaction 
mixture was made weak* basic wfth 1 N sodium hydroxide solution and extracted with diethyl ether. The extract was 

pressure distillation to give 420 mg of the title compound as a white solid. 

(3) Synthesis of N-[1-(4-methyl-2-pyridylmethynpi P er i din 4-vn-2- C vclopentvl-2-hvdroxv-2-phenylacetamide 

[0103] 75 Milligrams of 4-methyl-2-pyridinecarbaldehyde, 58.3 mg of N-(piperidin-4-yl)-2-cyclopentyl-2-hyclroxy- 
2-phenylacetamide and 1 2 mg of acetic acid were dissolved In 1 0 ml of dlchloroethane. To the solution 68 mg of sodium 
tnacetoxyborohydride was added at room temperature, followed by an hour's stirring at the same temperature The 
reaction mixture was poured into saturated aqueous sodium hydrogencarbonate solution, extracted with chloroform 
dried oyer anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was 

to 2?a2 f « PrePa S V8 l3yer chromal °9 ra P h y [Kieselgel™ 60F 254 Art 5744 (Merck), chloroform/methanol = 9/1] 
to grve 49.5 mg of the title compound as a white solid. 

FAB- MS (m/e, (C 25 H33N 3 0 2 +H)+): 408 

'H-NMR(CDCy 8: 1.12-1.30 (1H, m). 1.37-1.74 (9H, m), 1.75-1.90 (2H. m), 2.12-2.26 (2H m) 2 33 (3H si 
2.69-2.80 (2H. m). 2.94-3.09 (1 H, m), 3. 15 (1 H, s), 3.57 (2H. s), 3.65-3.80 (1H, m), 6.30 (1H, brd J= 8 4*^6 97 (1H 
brd, J=5.3Hz), 7.1 7 (1H, brs), 7.21-7.37 (3H, m), 7.58 (2H, brd, J=7.1Hz), 8.39 (1H, d, J- 5.3Hz) 
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Example 3 

N^1-(6-sthvl-2-pvridylm6thvl)plp&^ 
[0104] 



Structural formula 




[0105] To a solution of 22 mg of 6-ethyl-2-pyr1dlnemethanol In 3 ml of ethyl acetate, 0.1 ml of trlethylamlne and 50 
uJ of methanesulfonyl chloride were added at room temperature, followed by 30 minutes" stirring at the same temper- 
ature. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture, followed by an hour's 
stirring. The organic layer was separated and the aqueous layer was extracted with ethyl acetate. The extract was 
combined with the organic layer, washed with saturated saline solution, dried over anhydrous magnesium sulfate and 
removed of the solvent by reduced pressure distillation. The residue was dissolved In 3 ml of N,IM<Hmethylformamlde, 
and to the solution 32 mg of N-(piperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide as obtained in Step (2) of 
Example 2 t 12 mg of sodium bromide and 85 mg of potassium carbonate were added, followed by 4 hours' stirring at 
room temperature. The reaction mixture was poured into water and extracted with diethyl ether. The extract was se- 
quentially washed with water and saturated saline solution, dried over anhydrous magnesium sulfate and removed of 
the solvent by reduced pressure distillation. The residue was purified by preparative thin layer chromatography 
[Kieselgel ™ 60F 254 , Art 5744 (Merck), chloroform/methanol = 12/1] to give 14.5 mg of the title compound as a white 
solid. 

FAB-MS (nVe, (C 26 H 35 N 3 0 2 +H)+): 422 

^-NMRJCDCy 5: 1.15-1.34 (1H, m), 1.29 (3H, t, J=7.5Hz) : 1.38-1.92 (11H, m), 2.17-2.30 (2H, m), 2.70-2.89 
(2H, m), 2.81 (2H, q, J=7.5Hz) s 2.97-3.22 (2H, m), 3.63 (2H, s), 3.67-3.81 (1H, m), 6.35 (1H, brd, J=7.7Hz), 7.04 (1H S 
d, J=7.3Hz), 7.21 (1H, d, J=7.9Hz), 7.24-7.40 (3H, m), 7.53-7.65 (3H, m) 

Example 4 

N-{1-(6-amino-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide dihvdrochloride 
[0108] 



Structura I f ormu I a 



(1) Synthesis of N41-(6-ethoxvcaroonvl-2-pyrioyimethyl)plperidin-4-yl]-2«cyclopQntyl-2-hydroxy-2-ph6nylac&tamide 
[0107] Using 94 mg of 6-formyl-2-picolinic acid ethyl ester as the starting material by a method similar to Step (3) of 
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bxampla 2, 1 91 mg of the title compound was obtained as a white solid. 
amvaStoride N " f1 (6 ^^^ 

[0108] To a solution of 40 mg of NH1-(6-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxv- 
2-phenylacetamide in 1 ml of methanol, O S ml of 1N sodium hydroxide solution was added at room temperature 
followed by 1 5 hours' stirring at the same temperature. The reaction mixture was made weakly acidic with 1N hydro- 
chloric acid and concentrated under reduced pressure. The residue was dissolved in ethanol, and the insoluble matter 
was removed by filtration. The filtrate was concentrated under reduced pressure. The residue was purified by reverse 
phase ODS column chromatography (acetonitrile/water = 2/1) to provide 27 mg of an oily substance. The product was 
dissolved In 1 ml of t-butanol. After addition of 20 mg of diphenylphosphoryl azide and 27 M l of triethylamine. the solution 
was refluxed for 1 8 hours. The solvent was distilled off, and the residue was purified by preparative thin layer chroma- 
tography [K,eselgel™ SOF^, Art 5744 (Merck), chloroform/methanol = 1 0/1] to give 14 mg of an oily substance The 
product was dissolved In 0.5 ml of methanol, and to which 4N hydrogen chloride/dioxane was added at room temper- 
ature, followed by an overnight stirring. The reaction mixture was solidtfied by drying under reduced pressure to give 
13 mg of the title compound as a white solid. 
FAB-MS (m/e, (C^M^Oa-i-H)*) : 409 

Example 5 

N-f1-(4-amlno-2-pyrldylmethyl)piperidln-4^ 
[0109] 



Structural formula 

•2HC1 

NH» 




[01 10] Using ethyl 2-formyl-4-picolinate as the starting material, a method similarto Example 4 was practiced to give 
21 mg of the title compound as an yellow solid. 

x • !™ R(CDCW 5: 1 2 °" 1 75 (10H ' m) - 1 - 78 - 1 88 < 1H - m >' 21 °- 2 25 PH. m), 2.75-2.88 (2H, m), 3.01-3 13 (1H 

t"j (2H ' u h 6 (1 H ' J=2A 5 9H2) ' 6 65 (1 H < * J = 2 3HZ >' 7 20 < 1 1 1. J=7.5Hz), 7 29 2Hi 

t, J=7.5Hz), 7.60 (2H,d,J= 7.5Hz), 7.88 {1H,d,J=5. 9Hz) 
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Example 6 

N-ri-(2-thlenylmethvl)plperldln^^^ 
5 [0111] 

Structural formula 



15 




[01 12] To a solution of 1 7 mg of 2-thiophenemethanol in 2 ml of chloroform, 4 drops of thionyl chloride were added, 
20 and stirred for 1 hour at room temperature. The solvent was distilled off and the residue was processed by a method 
similar to Example 3, to give 1 7 mg of the title compound as a colorless oily substance. 

tH-NMR(CDCl 3 ) 8: 1.13-1.74 (10H, m), 1.75-1 88(2H, m), 2.05-2.18 (2H, m) t 2.72-2.82 (2H, m) t 2.94-3.07 (1H, 
m), 3.61 -3 .76 (1 H, m),3.6B (2H, s), 6.29 (1 H, brd, J=7.6Hz), 6.87 (1 H, d, J=4.2Hz), 6.92 (1 H, t, J=4.2Hz), 7.21 (1 H, d, 
J=4.2Hz) t 7.24-7.29 (1H, m), 7.34 (2H, t, J=7.1Hz), 7.58 (2H, d, J=7.1 Hz) 

25 

Example 7 

N41-(4-hydroxymethyl-2-pyridylmethyl)piperidin-4-yl]-2^clopentyl-2-hydroxy-2-phenylacetamide 
30 [0113] 



Structura I formula 



40 




45 (1 ) Synthesis of N-[1 -(4-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hvdroxv-2-phenylacetamide 

[0114] Using 142 mg of 2-formyl-4-picolinic acid ethyl ester as the starting material and processing the same by a 
method similar to Step (3) of Example 2, 1 98 mg of the title compound was obtained as a colorless oily substance. 

50 (2) Synthesis of N-[1-(4-hydroxymethyl-2-pyridylme 

[0115] To a solution of 92 mg of N-[1-(4-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy- 
2-phenylacetamlde in 2 ml of tetrahydrofuran, 15 mg of aluminium lithium hydride was added at 0°C S followed by 2 
hours' stirring at room temperature. To the reaction mixture 30 uJ of 3N sodium hydroxide solution and anhydrous 
55 sodium sulfate were added, and the mixture was filtered with celite. Distilling the solvent off under reduced pressure, 
the residue was purified by preparative thin layer chromatography [Kieselgel™ 60F 254> Art 5744 (Merck), chloroform/ 
methanol = 10/1] to give 36 mg of the title compound as a colorless oily substance. 

1 H-NMR(CDCI 3 ) 5: 1.10-2.28 (12H, m), 2.68-2.80 (2K m), 2.95-3.08 (1H, m), 3.11-3.25 (1H, m), 3.60 (2H, s) s 
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4.71 (2H, S), 6.38 (1H, d, J=8.2Hz), 7.21-7.40 (4H, m), 7.59 (2H t d s J =8 .4Hz), 8.47 (1H, d, 



J=4.9H2) 



Example 8 



[0116] 



10 



15 



25 



30 



Structural formu la 




H ^ 



OCH, 



FAB-MS (m/e, (C^HaaNaOa+H)*): 424 

* J-7.2HZ), (3 „. I,,, „„', J^^&MmtST* S 69 * ('". 

Example 9 



N^1-(4-methoxy-2-pyridv^ 
[0118] 



acetamide 



35 



40 



45 



Structural formula 




OCH* 



FAB-MS (m/e, (C 2S H33N30 3+ H)+): 424 



55 
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Example 10 



N^1-(6<hloro-2-pyrldylmethyl)plp^^ 



[0120] 



Structura I formula 




N- 
H 



CI 



[0121] Using 19 mg of 6-chloro-2-pyridinemethanol as a starting material in a method similar to Example 6, 14 mg 
of the title compound was obtained as a white solid. 
FAB-MS (m/e, (C 2 4H3 0 CIN 3 O 2 +H)+): 428 

tH-NMRtCDCy 6: 1 .12-1 .75 (10H, m) s 1 .75-1.91 (2H, m) s 2.14-2.30 (2H t m), 2.67-2.80 (2H, m), 2.94-3.10 (1H, 
m), 3.09 (1H, s), 3.60 (2H, s), 3.64-3.80 (1H, m), 6.33 (1H, d, J=8.2Hz), 7.19 (1H, d, J=7.8Hz), 7.22-7.40 (4H t m), 
7.56-7.64 (3H, m) 

Example 11 

N41-(4-chloro-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 



[0123] Using 20 mg of 4-ch I oro-2-pyridinecarb aldehyde as the starting material in a method similar to Step (3) of 
Example 2, 23 mg of the title compound was obtained as a white solid. 
FAB-MS (m/e, (C 24 H M CIN 3 0 2 +H) + ): 428 

1 H-NMR(CDCl3) 8: 1.10-1.76 (10H, m), 1 .76-1.91 (2H, m), 2.14-2.28 (2H, m), 2.65-2.82 (2H, m), 2.96-3.12 (2H, 
m), 3.60 (2H, s), 3.65-3.80 (1H, m), 6.33 (1H, d, J=8.5Hz), 7.17 (1H, dd, J=2.1, 5.3Hz), 7.22-7.38 (3H, m), 7.43 (1H, 
d t J=2.1Hz) ! 7.56-7.64 (2H, m), 8.43 (1H f d ; J=5.3Hz) 



[0122] 



Structura I formula 




21 
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Example 12 
[0124J 




FAB-MS (m/e, (C^Ha^Og+H)*): 444 

^ J=8.1Hz) J 1.1,8.1Hz), 7.79 (1H, <J, J=8.1H2), 8.06 (1H,d,J= 8.1Hz), 8.11 (1H, d, 

Exampla 13 

[0126] 



35 



40 



45 



Structural formula 



50 



55 




H 

OH 



FAB-MS (m/e, (C^H^N^a+H)^: 397 



Industrial applicability 
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Claims 

Claims for the following Contracting States : AT, DK, Fl, QR, IE, LU, NIC, PT 

1 . Substituted heteroaromatic ring derivatives which are represented by a general formula [I] below: 




[in the formula, R 1 and R 2 may be same or different and each signifies hydrogen, halogen or C^Cg alkyl; R 3 
signifies C 3 -C s cycloalkyl or cycloalkenyl; R 4 signifies a heteroaromatic ring group which may be condensed with 
20 a benzene ring and which has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur 

atoms (said heteroaromatic ring group being optionally substituted with C r C 6 alkyl, halogen, C r C 6 alkoxy, amino 
or hydroxymethyl); and X stands for 0 or NH] 
or their pharmaceutical^ acceptable salts. 

25 2. Compounds as described in Claim 1, In which R 1 and R 2 are hydrogen; R 3 is C y C G cycloalkyl; and X is NH: or 
their pharmaceutical^ acceptable salts. 

3. Compounds as described in Claim 1 , in which R 1 and R 2 are hydrogen; R 3 is C 3 -C 6 cycloalkyl; R 4 is pyridyl group 
which is optionally substituted with a C t -C 6 alkyl, halogen, C r C e alkoxy, amino or hydroxymethyl; and X is NH: 

30 or their pharmaceutical^ acceptable salts. 

4. Compounds as described in Claim 1, in which R 1 and R 2 are hydrogen; R 3 Is C 3 -C 6 cycloalkyl, R 4 is a group 
represented by a general formula [II] below: 



40 




[in the formula, R a signifies C r C 6 alkyl, halogen, C r C 6 alkoxy or amino] 
and X Is NH: or their pharmaceutical^ acceptable salts. 

45 

5. A therapeutic or prophylactic agent for diseases of the respiratory, urinary and gastrointestinal systems, which 
contains a substituted heteroaromatic ring derivative as described in any of Claims 1 to 4 or a pharmaceutical^ 
acceptable salt thereof as an active Ingredient. 

50 6. A therapeutic or prophylactic agent for asthma, chronic airway obstruction, pulmonary fibrosis, urination disorders, 
irritable bowel syndromes, spasm of gastrointestinal tract and gastrointestinal hyperkinesls, which contains a sub- 
stituted heteroaromatic ring derivative as described in any of Claims 1 to 4 or a pharmaceutical^ acceptable salt 
thereof as an active Ingredient. 

55 7. A process for preparing the compounds as described in Claim 1, which are represented by a general formula [I] 
below 
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-X-<^NCH 2 R 4 m 



On the formula, Ri, R2, R3, R4 an d X are as defined below] 
said process comprising reacting a carboxylic acid of a general formula [III] below 



R 2 



<5 

P'O— 4—COOH 
R 3 



P" the formula, Ri and R2 may be same or different and each signifies hydrogen halooenorC C alkvi- R3 

2K ¥^ e ?T* or cycloalkeny,: and p1 s,gnif,es hydroaen or a p^VgZ^oif 6 

or its reactive derivative, with a compound of a general formula [IV], pornyoroxyij 



h« 1 ^oTT "*! S ' 9nifi ? 8 h6teroaromaHc ri "9 9">up which may be condensed with a benzene ring and which 

J^Ty ? ' ^ a'*****™*' ° r aralkyioxycarbonyl); and X stands for 0 or NH] 

or a salt thereof, and if necessary effecting deprotection and/or reduction of the C,-C 7 alkoxvcaihonvi nr ara ^ 

loxycarbonyl group to hydmxymethyl or conversion to amino. 2 7 a,kox * cart,on )" °' aralky- 

A process for preparing the compounds represented by the general formula [I] as described In Claim 1 which 
compnses react.ng a compound of a general formula [III] below, ' 

P l O-j-COOH [m] 
R 3 

[In the formula Ri and may be same or dffferent and each s| hyd h , 
s,gn rf ,es C 3 -C e cycloalkyi or cycloalkenyl; and pi signtfies hydrogen or a protective group of hyd oxy f 
or its reactive derivative, with a compound of a general formula M, P«nyaroxyij 
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HX- 



[V] 



[in which X stands for 0 or NH; and P signifies a protective group of imino] 
or a salt thereof to form a compound of a general formula [VI], 



R 2 



P l 0 




NP 



[VI] 



[in which R 1 , R 2 , R 3 , X, P and P 1 have the previously given significations]; 
removing the protective group of imino group in said compound and either alkylating the compound, in the presence 
of a base, with a compound of a general formula [VII] 



[In which R 40 signifies a heteroaromatic ring group which may be condensed with a benzene ring and which 
has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic 
ring group being optionally substituted with C^-Cg alkyl, C,-C 6 alkoxy, amino, protected amino, hydroxym ethyl, 
protected hydroxy methyl, C2-C7 alkoxycarbonyl or eralkyloxycarbonyl); and L signifies a leaving group] 
or reductively alkylating the compound using a compound of a general formula [IX], 



[in which R 40 has the previously given signification] 
and if necessary effecting deprotection and/or reduction of the C2-O7 alkoxycarbonyl or aralkyloxycarbonyl to hy- 
droxymethyl or conversion to amino. 



Claims for the following Contracting States : BE, CHSLI, DE, ES, FR, GB, IT, NL, SE 

1. Substituted heteroaromatic ring derivatives which are represented by a general formula [I] below: 




[VII] 



[IX] 



R 2 



R 




R 3 



[I] 



[in the formula, R 1 and R 2 are hydrogen; R 3 signifies C 3 -C 6 cycloalkyl; R 4 signifies a 
group represented by a general formula [II] below: 
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[II] 



[in the formula, R« signifies C,-C s alkyl, halogen, C r C B alkoxy or amino] 
and X stands for NH] or their pharmaceutically acceptable salts. 

2. A therapeutic or prophylactic agent for diseases of the respiratory, urinary and gastrointestinal systems which 
contains a substituted heteroaromatic ring derivatfve as described ,n Cairn 1 or'a phJSSSjT^ 
salt thereof as an active Ingredient. 1 "W" 1 ""* 

betoT SS P,BPar,n9 Compound ' as d6Scribed ln C,alm 1 • are represented by a general formula [I] 




[I] 



[in the formula, R', R2, R3, R4 an d X are as defined below], 
said process comprising reacting a carboxyllc acid of a general formula [III] below 



R 2 



<5 



P'O-f-COOH im 



R 3 

[in the formula, Ri and R* are hydrogen; R3 signifies c 3 ^C e cycloalkyl; and pi signifies hydrogen or a pro- 
tective group of hydroxyl] K 
or its reactive derivative, with a compound of a general formula [IV], 



Pn which R40 signifies a group represented by a general formula [IP] below: 
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[in the formula, R a P signifies C r C 6 alkyl, halogen, C r C 6 alkoxy, amino, protected amino, lower alkoxycarb- 
onyl or aralkyloxycarbonyl]; and X stands for NH] 

or a salt thereof, and If necessary effecting deprotectlon and/or conversion of the 02-07 alkoxycarbonyl or aralky- 
loxycarbonyl group to amino. 

A process for preparing the compounds represented by the general formula [I] as described In Claim 1, which 
comprises reacting a compound of a general formula [III] below, 



R 2 




[in the formula R 1 andR 2 are hydrogen; R 3 signifies C 3 -C 6 cycloalkyl; and P 1 signifies hydrogen or a protective 
group of hydroxyl] 

or its reactive derivative, with a compound of a general formula [V], 




[in which X stands for NH; and P signifies a protective group of imino] 
or a salt thereof to form a compound of a general formula [VI], 



R 2 




[in which R 1 , R 2 , R 3 , X, P and P 1 have the previously given significations]; 
removing the protective group of imino group in said compound and either alkylating the compound, In the presence 
of a base, with a compound of a general formula [VII] 

R^CHgL [VII] 
[in which R 40 signifies a group represented by a general formula [IP] below: 
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R»P [III 



or reductively alkylating the compound using a compound of a general formula [IX], 

R^CHO ^ 

[In which R» has the previously given signification] 
andif necessary effecting deprotection and/or conversion of the C^C, alkoxycarbonyl or aralkyloxycarbonyl to 



Patentanspruche 

Patentansprtichefur folgende Vertragsstaaten : AT, DK, Fl, GR, IE, LU, MC, PT 

1 . Substituierte heteroammatische Rlngderlvate, dargesteltt durch die folgende allgemeine Formel [IJ: 




C -C Sb^rn 0 P3 '^r "J R ! ^ ° dSr Unterschiedlich S6i " "nrw. und j. Wasserstoff, H al0 gen Oder 
C, Ce-Alkyl bedeuten; R3 C 3 -C 8 -Cycloalkyl oder Cycloalkenyl bedeutet; R*eine heteroaromatische Rinqaruooe 

s ^ hid rsLtTorr^Tf" ^ T ^ 1 ° der2 H "*™<™. ausgewahlt SZrSKS 
□ebenenfaifo !hw !t ?1 ^" Und Schwefela,omen . enthStt (wobei die heteroaromatische Ringgmppe ge- 
K^SSr 1 6 " A,kyl ' Ha '° 9en ' Cl C6 " A ' k0Xy ' Am,n ° ° der H ^methyi) bSeute, "nd 

oder ihre pharmazeutisch annehmbaren Salze. 

2 ' hf2f rt d t n9 ! n An8PrUCh 1 ' W ° ri " R1 Und R2 Wassef stoff bedeuten; R3 C 3 -C 6 -Cycloalkyl bedeutef X NH 
bedeutet; oder ihre pharmazeutisch annehmbaren Salze. y"°ciiKyi Deaeuiet, a nh 

3. Vefbindungen nach Anspruch 1 , worin R' und R* Wasserstoff bedeuten; R3 C 3 -C 6 -Cycloalkyl bedeutef R 4 eine 
Pyridylgruppe, die gegebenenfa.ls durch C^-Alkyl, Halogen, Cl -C 6 .AIkoxy, Amino oder Hydm^SlTubsT 
tu.ert ist, bedeutet; und X NH bedeutet; oder ihre pharmazeutisch annehmbaren Salze. Hydr0Xymelhyl SUbSt '- 

4. Verbindungen nach Anspruch 1, worin Ri und R* Wasserstoff bedeuten; R3 C 3 -C 6 -Cycloalkyl bedeutef R4 eine 
Gnippe bedeutet, dargesteltt durch die folgende allgemeine Formel fll]: 6 * * "* 
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[wobei in der Formel R a C r C 6 -Alkyl, Halogen, C^Cg-Alkoxy Oder Amino bedeutet] 
und X NH bedeutet; oder ihre pharmazeutisch annehmbaren Salze. 

Therapeutisches oder prophylaktisches Mittel fur Krankheiten der Atmungs-, Harnwegs- und gastrointestinalen 
Systems, enthaltend ein substituiertes heteroaromatisches Ringderviat, wie in einem der Anspruche 1 bis 4 be- 
schrieben, oder ein pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

Therapeutisches oder prophylaktisches Mittel fQr Asthma, chronlsche Atemwegsobstruktion, Lungenflbrose. Mlk- 
tionsstdrungen, reizbares Bowel-Syndrom, Spasmen des gastrointestinalen Traktes und gastrointestinal Hyper- 
kinese, enthaltend ein substituiertes heteroaromatisches Rlngdertvat, wie in einem der Anspruche 1 bis4beschrie- 
ben; oder ein pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

VerfahrenzurHerstellung derVerbindungen nach Anspruch 1 , dargestellt durch diefolgendeallgemeine Formel [I] 



R 5 




[In der Formel besltzen R 1 , R 2 , R 3 , R 4 und X die oben gegebenen Definltionen] 
wobei das Verfahren umfasst die Umsetzung einer Carbonsaure der allgemeinen folgenden Formel [III] 




[in der Formel bedeuten R 1 und R 2 , die gleich oderunterschiedlich sein konnenJeweilsWasserstoff, Halogen 
oder C 1 -C 6 -Alkyl; R 3 bedeutet C 3 -C 6 -Cycloalkyl oder Cycloalkenyl; P 1 bedeutet Wasserstoff oder eine Schutz- 
gruppe fur Hydroxyl] 

oder eines reaktiven Derivats davon, mit ejner Verbindung der allgemeinen Formel [IV], 



HX-( NCBjIT [IV] 



[worin R 40 eine heteroaromatische Ringgruppe bedeutet, die mit einem Benzolring kondensiert sein kann, 
und die 1 oder 2 Heteroatome, ausgew&hlt aus der Gruppe bestehend aus Stickstoff-, Sauerstoff- und Schwefel- 
atomen, enthalt, (wobei die heteroaromatische Ringgruppe gegebenenfalls substituiert ist durch C r C s -Alkyl, C r 
C $ -Alkoxy, Amino, geschutztes Hydroxymethyl, C 2 -C 7 -Alkoxycarbonyl oder Aralkyloxycarbonyl) bedeutet; und X 
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tQr O Oder NH stent] 

Oder einem Salz davon t und, sofern erforderlich, Schutzgruppenabspaltung und/oder Reduktion der C 2 -C 7 -Alk- 
oxycarbonyl- Oder Aralkyloxycarbonylgruppe zu Hydroxymethyl oder eine Umwandlung in Amino. 

8. Verfahren zur Herstellung der Verbindungen, dargestelit durch die allgemeine Forme! [I], wie in Anspruch 1 be- 
schrieben, umfassend die Umsetzung der Verbindung der folgenden ailgerneinen Formel [lll] t 



R 2 




[wobei in der Formel R1 und R2 gleich oder unterschiedlich sein konnen und jeweils Wasserstoff, Halogen 
oder C r C 6 -Alkyl bedeuten; R* C 3 -C 6 -Cycloalkyl oder Cycloalkenyl bedeutet; P 1 Wasserstoff oder eine Schutz- 
gruppe von Hydroxy! bedeutet] 

oder einem reaktiven Derivat davon, mit einer Verbindung der ailgerneinen Formel [V], 

[worin Xfur 0 oder NH stent; und P eine Schutzgruppe von Imino bedeutet] 
oder einem Salz davon, unter Bildung einer Verbindung der ailgerneinen Forme! 




[worin Ri, R2, R3 x, p und P 1 die zuvor gegebenen Deflnitionen besitzen]; 
Entfernen der Schutzgruppe der Iminogruppe in der Verbindung und entweder Alkylierung der Verbindung in An- 
wesenheit einer Base mit einer Verbindung der ailgerneinen Formel [VII] 

fPcHJL [VII] 

[worin R 40 eine heteroaromatische Ringgruppe bedeutet, die mit einem Benzolring kondensiert sein kann, 
und die 1 oder 2 Heteroatome : ausgewahlt aus der Gruppe bestehend aus Stickstoff-, Sauerstoff- und Schwefel- 
atomen, enthalt (wobei die heteroaromatische Ringgruppe gegebenenfalls durch C r C 6 -Alkyl ( C r C s -Alkoxy, Ami- 
no s geschiitztes Amino, Hydroxymethyl, geschutztes Hydroxymethyl, C 2 -C 7 -Alkoxycarbonyl oder Aralkyloxycar- 
bonyl substituiert ist); und L eine Austrittsgruppe bedeutet] 

oder reduktlve Alkylierung der Verbindung unter Verwendung einer Verbindung der ailgerneinen Formel [IX], 

R^CHO [ix] 
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[worln R 40 die zuvor gegebene Definition besitzt], und, sofem erforderllch, Schutzgruppenabspaltung und/ 
oder Reduktion von C 7 -A!koxycarbonyl oder Aralkyloxycarbonyl zu Hydroxymethyl oder Umwandlung in Amino. 



PatentansprLichefur folgende Vertrags&taaten : BE, CH/LI, DE, ES, FR, GB, IT, NL, SE 

1 . Substituierte heteroaromatische Ringderivate, dargestelit durch die folgende allgemeine Formei [I] : 




[in der Formei bedeuten R 1 und R 2 Wasserstoff; R 3 bedeutet C 3 -C 6 -Cycloalkyl; R 4 bedeutet eine Gruppe, 
dargesteiK durch die folgende allgemeine Formei [II] : 




[wobei in der Formei R a C r C 6 -Alkyl, Halogen, C^Cg-Alkoxy oder Amino bedeutet und X NH bedeutet] 
oder ihre pharmazeutisch annehmbaren Salze. 

2. Therapeutisches oder prophylaktisches Mittel fur Krankheiten der Atmungs-, Harnwegs- und gastrointestinalen 
Systeme, enthaltend ein substituiertes heteroaromatisches Ringderviat, wie in Anspruch 1 beschrieben, oder ein 
pharmazeutisch annehmbares Salz davon als aktlven Bestandteil. 

3. Therapeutisches oder prophylaktisches Mittel fur Asthma, chronlsche Atemwegsobstruktion, Lungenfibrose, Mik- 
tionsstorungen, reizbares Bowel-Syndrom, Spasmen des gastrointestinalen Traktes und gastrointestinale Hyper- 
kinase, enthaltend ein substituiertes heteroaromatisches Ringderlvat, wie In Anspruch 1 beschrieben; Oder ein 
pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

4. Verfahren zur Herstellung der Verbindungen nach Anspruch 1 , dargestellt durch die folgende allgemeine Formei [I] 



R 2 




[in der Formei besitzen R 1 ( R 2 , R 3 , R 4 und X die oben gegebenen Definitionen] 
wobei das Verfahren umfasst die Umsetzung einer Carbonsaure der allgemeinen folgenden Formei [III] 



31 



EP 0 863 141 B1 




[in der Formel bedeuten Ri und R* Wasserstoff; R3 bedeutet C 3 -C 6 -Cycloalkyl; und pi bedeutet Wasserstoff 
Oder eine Schut2gruppe fur Hydroxyl] 

Oder eines reakllven Derfvats davon, mit einer Verblndung derallgemeinen Formel [IV], 



[worin R 40 eine Gruppe, dargestellt durch die folgende allgemeine Formel [II'] bedeutet, 




[in der Formel bedeutet RaP q-CVAIkyl, Halogen, C r C 6 -Alkoxy, Amino, geschihztes Amino, niedriges Alk- 
oxycarbonyl Oder Aralkyloxycarbonyl]; und X steht fur NH]; 

Oder einem Salz davon, und, falls erforderlich, Schutzgruppenabspaltung und/oder Umwandlung der C 2 -C 7 -AJk- 
oxycarbonyl- Oder Aralkyloxycarbonylgruppe zu Amino. 

Verfahren zur Herstellung der Verbindungen, dargestellt durch die allgemeine Formel [I], wie in Anspruch 1 be- 
schrieben, durch Umsetzung elner Verblndung der folgenden allgemeinen Formel [III], 



R 2 




[wobel in der Formel Ri und R2 Wasserstoff bedeuten; C 3 -C 6 -Cycloalkyl bedeutet; und pi Wasserstoff 
oder eine Schutzgruppe fur Hydroxyl bedeutet] 

oder ihres reakth/en Derivats, mit elner Verblndung der allgemeinen Formel [V], 
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[worin X fur NH steht; und P elne Schutzgruppe von Imino bedeutet] 
oder einem Salz davon, unter Bildung einer Verbindung der allgemeinen Formel [VI] 




[worin R 1 , R 2 , R 3 , X, P und P 1 die zuvor gegebenen Bedeutungen besitzen] ; 
Entfernung der Schutzgruppe der Aminogruppe in der Verbindung und entweder Alkylierung der Verbindung in 
Anwesenheit einer Base mit einer Verbindung der allgemeinen Formel [VII] 

R 40 CH 2 L [VII] 
[worin R 40 eine Gruppe, dargeetellt durch folgende allgemeine Formel [H'] bedeutet, 




[in der Formel bedeutet R a P C r C 8 -Alkyl t Halogen, C r C 6 -Alkoxy, Amino, geschutztes Amino, niedriges Alk- 
oxycarbonyl oder Aralkyloxycarbonyl]; und L bedeutet elne Austrfttsgruppe] 

oder reduktive Alkylierung der Verbindung unter Verwendung einer Verbindung der allgemeinen Formel [IX], 

R^CHgO [IX] 

[worin R 40 die zuvor gegebene Bedeutung besitzt] und, sofern erforderlich, Durchfiihrung der Schutzgrup- 
penabspaltung und/oder Umwandlung von C 2 -C 7 -Alkoxycarbonyl Oder Aralkyloxycarbonyl zu Amino. 



Revendlcations 

Revendicatlons pour les Etats contractants suivants : AT, DK, Fl, GR, IE, LU, MC, PT 

1 . Derives heterocycliques aromatiques substitues qui sont represents par la formule generate [I] ci-dessous : 



ho— ) NCH 2 R 4 [ I J 

R 3 
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[dans cette formula, R1 ot R 2 peuvent etre Identiques ou differents et chacun represente I'hydrogene, un 
halogene ou un groupe alkyle infeneur ; R 3 represente un groupe cycloalkyle ou cycloalcenyle en C 3 -C 6 ; R 4 re- 
presente un groupe heterocyclique aromatique qui peut etre condense avec un noyau benzenique et qui contient 
1 ou 2 heteroatomes choisis dans la classe formee par les atomes d'azote, d'oxygene et de soufre (ledrt groupe 
heterocyclique aromatique etant facultativement substitue par un halogene ou un groupe alkyle en C r C 6 , ateoxy 
en C r C 6 , amino ou hydroxymethyle) ; et X represente 0 ou NH] : 
ou leurs sels pharmaceutlquement acceptables. 

Composes selon la revendication 1 , dans lesquels R* et R 2 sont de I'hydrogene ; R3 est un groupe cycloalkyle en 
c 3" c 6 ! et x 6St NH i ou leurs sels pharmaceutlquement acceptables. 

Composes selon la revendication 1 , dans lesquels Ri et R 2 sont de I'hydrogene ; R 3 est un groupe cycloalkyle en 
C 3 -C a ; R 4 est un groupe pyridyle qui est facultativement substltue par un halogene ou un groupe alkyle en C r 
C Sl alcoxy en C r C 6 , amino ou hydroxymethyle ; et X est NH ; ou leurs sels pharmaceutlquement acceptables. 

Composes selon la revendication 1 , dans lesquels R 1 et R 2 sont de I'hydrogene ; R 3 est un groupe cycloalkyle en 
C 3 -C 6 ; R 4 est un groupe represente par la formule generate [II] ci-dessous : 




[dans cette formule, R a represente un halogene ou un groupe alkyle en C r C 6 , alcoxy en C r C 6 ou amino] 
et X est NH ; ou leurs sels pharmaceutlquement acceptables. 

Agent therapeutique ou prophylactlque pour des maladies des systemes resplratoire, urinaire et gastro-lntestlnal. 
qui contient un derive h§te>ocyclique aromatique substitu§ selon Tune quelconque des revendications 1 a 4 ou un 
de ses sels pharmaceutiquement acceptables comme ingredient actif. 

Agent therapeutique ou prophylactique pour rasthme, Instruction chronique des voies aeriennes, la fibrose pul- 
monale, des troubles de la miction, le syndrome du colon irritable, le spasme du tractus gastro-lntestlnal et I'hy- 
perkinesie gastro-intestinale, qui contient un derive heterocyclique aromatique substitue" selon Tune quelconque 
des revendications 1 a 4 ou un de ses sels pharmaceutlquement acceptables comme ingredient actif. 

ProcedS pour preparer les composes selon la revendication 1, qui sont represents par la formule geneYale [I] ci- 
dessous 




[dans cette formule, R 1 , R 2 , R 3 , R 4 et X sont tels que definis ci-dessous], 
ledit procecte consistant afaire reagrr un acide carboxylique de formule g6nerale [III] ci-dessous 
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K 2 ' 



5 




[dans cetle formule, R 1 et R 2 peuvent Stre identiques ou differents et chacun represente I'hydrogene, un 
halogene ou un groups alkyle en C r C 6 ; R 3 represente un groupe cycloalkyle ou cycloalcenyle en C 3 -C 6 ; et P 1 
represente I'hydrogene ou un groupe protecteur d'hydroxyle] 
ou un derive reactif de celui-ci, avec un compose de formule generale [IV] 




[dans laquelle R 40 represente un groupe heterocyclique aromatique qui peut etre condense avec un noyau 
benz£nique et qui contient 1 ou 2 heteroatomes choisis dans la classe formee par lea atomes d' azote, d'oxygene 
et de soutre (ledit groupe heterocyclique aromatique etant facuftatlvement substitue par un groupe alkyle en Cj- 
25 c 6 , alcoxy en C r C 6 , amino, amino protege, hydroxymethyle, hydroxymethyle protege, alcoxycarbonyle en C 2 -C 7 

ou aralkyloxycarbonyle) ; et X represente O ou NH] 

ou un sel de celui-ci, et, si necessaire, a effectuer une elimination de protection et/ou una reduction du groupe 
alcoxycarbonyle en C2-C7 ou aralkyloxycarbonyle en un groupe hydroxymethyle, ou une conversion en groupe 
amino. 

30 

8. Precede pour preparer les composes representes par la formule generate [I] selon la revendication 1 , qui consiste 
a faire reagir un compose de formule generale [III] ci-dessous 
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[dans cette formule, R 1 et R 2 peuvent etre Identiques ou dlfferents et representent chacun I'hydrogene, un 
45 halogene ou un groupe alkyle en C r C 6 ; R 3 represente un groupe cycloalkyle ou cycloalcenyle en C 3 -C 6 ; et P 1 

represente I'hydrogene ou un groupe protecteur d'hydroxyle] 
ou un denv6 reactif de celui-ci, avec un compose de formule generale [V] 



50 




5 * [dans laquelle X represente O ou NH ; et P represente un groupe protecteur d'imine] 

ou un sel de celui-ci, pour former un compose de formule generale (VI] 
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R 2 




[dans laquelle R 1 , R 2 , R 3 , X, P et P 1 sont tels que definis precedemment] ; 
a elimlner le group© protecteur de groups imino contenu dans lodit compose, et, soft a alkyler le compose, en 
presence d'une bass, avec un compose de formule generals [VII] 

R 40 CH 2 L [VII] 

[dans laquelle R 40 represente un groupe heterocyclique aromatique qui peut etre condense avec un noyau 
benzenique et qui contient 1 ou 2 heteroatomes choisis dans la classe formee par les atomes d'azote, d'oxygene 
et de soufre (ledit groupe heterocyclique aromatique etant facuftatlvement substitue par un groupe alkyle en C r 
C 8; alcoxy en C 1 -C 6 , amino, amino protege, hydroxymethyle, hydroxymethyle protege, alcoxycarbonyle en C 2 -C 7 
ou aralkyloxycarbonyle) ; et L represente un groupe partant], 

soit a alkyler par voie reductrice le compose en utilisant un compose de formule generate [IX] 

R^CHO [IX] 

[dans laquelle R 40 est tel que defini precedemment] et, si necessalre, a effectuer une elimination de protection 
et/ou une reduction du groupe alcoxycarbonyle en C 2 -C7 ou aralkyloxycarbonyle en un groupe hydroxymethyle 
ou une conversion en groupe amino. 
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